Epidemiological evidence on the association between sedentary behaviors and the risk of depression is inconsistent. We conducted a meta-analysis of prospective studies to identify the impact of sedentary behaviors on the risk of depression. We systematically searched in the PubMed and Embase databases to June 2019 for prospective cohort studies investigating sedentary behaviors in relation to the risk of depression. The pooled relative risks (RRs) and 95% confidence intervals (CIs) were calculated with random-effect meta-analysis. In addition, meta-regression analyses, subgroup analyses, and sensitivity analyses were performed to explore the potential sources of heterogeneity. Twelve prospective studies involving 128,553 participants were identified. A significantly positive association between sedentary behavior and the risk of depression was observed (RR = 1.10, 95% CI 1.03-1.19, I 2 = 60.6%, P < 0.01). Subgroup analyses revealed that watching television was positively associated with the risk of depression (RR = 1.18, 95% CI 1.07-1.30), whereas using a computer was not (RR = 0.99, 95% CI 0.79-1.23). Mentally passive sedentary behaviors could increase the risk of depression (RR = 1.17, 95% CI 1.08-1.27), whereas the effect of mentally active sedentary behaviors were non-significant (RR = 0.98, 95% CI 0.83-1.15). Sedentary behaviors were positively related to depression defined by clinical diagnosis (RR = 1.08, 95% CI 1.03, 1.14), whereas the associations were statistically nonsignificant when depression was evaluated by the CES-D and the Prime-MD screening. The present study suggests that mentally passive sedentary behaviors, such as watching television, could increase the risk of depression. Interventions that reduce mentally passive sedentary behaviors may prevent depression.
Introduction
Sitting is a typical way to relax and get efficient storage of energy in a short time 1 . As a common type of sitting behavior, sedentariness refers to any sitting behavior with an energy expenditure ≤1.5 metabolic equivalents 2 . In fact, sedentary behaviors are very common in daily life, especially for many occupations, such as researchers, clerks, drivers, and programmers. There is currently no clear definition of mentally passive and mentally active sedentary behaviors. In general, behaviors including watching television, sitting around, listening, and talking while sitting are considered as "mentally passive", whereas using a computer, reading books or newspapers, car driving, attending a meeting, knitting, or sewing are interpreted as "mentally active" 3, 4 . Studies have found that, sedentary behaviors could have adverse impacts on physical health, increasing the risk of chronic diseases including cancer, cardiovascular diseases, diabetes mellitus, and so on [5] [6] [7] [8] [9] [10] . Mental health damage such as stress, dementia, and sleeping problem caused by sedentary behaviors have also been reported in a number of studies [11] [12] [13] [14] . In recent years, emerging studies have found different effects between mentally active and mentally passive sedentary behaviors on an individual's well-being. A cross-sectional study found that mentally passive sedentary behaviors might be deleterious, and mentally active sedentary behaviors could be beneficial to health 3 . Another 13-year prospective study found that substituting mentally passive with mentally active sedentary behaviors may reduce the risk of depression 4 . As sedentary behavior is so common in our daily life, more attention should be paid to its effects on health, and those of specific mentally passive and mentally active sedentary behaviors if necessary.
Depression is a common mental disorder and major human blight that affects up to 25% of women and 12% of men 15, 16 . According to the World Health Organization, 3 50 million people had suffered from depression in 2010 16 . Specific clinical and therapeutic features for depression have been described in childhood and the elderly respectively 17, 18 . Research has found depression to be more common in women than men, and sex differences have been found to have age specific effects on the risk of depression [19] [20] [21] [22] . A previous meta-analysis, that pooled the results of cohort and case-control studies, suggested that there was a positive relation between sedentary behaviors and the risk of depression for the entire population 23 . Another meta-analysis published in 2016 concluded that sedentary behaviors were associated with depression in a non-linear relation for adolescents 24 . However, it remains controversial whether this effect was consistent in adults, as a great deal of research have contradicted their findings or drawn out statistically nonsignificant conclusions. A prospective study with a followup of 9.3 years indicated that sedentary behaviors increased the risk of depression 25 . Although another prospective cohort study with 13 years of follow-up found different effects on depression for mentally passive and mentally active sedentary behaviors 26 , with a significant beneficial influence of mentally active sedentary behaviors on incident depression and non-significant effect of mentally passive sedentary behaviors or total sedentary behaviors on the risk of depression.
Epidemiological evidence on the association between sedentary behaviors and risk of depression are inconsistent 23, [25] [26] [27] [28] . It remains unclear whether there is a relation between sedentary behaviors and the risk of depression in adults or not? Pooling existing evidence, we conducted a meta-analysis of prospective studies to examine the association of sedentary behaviors with the risk of depression.
Methods
We designed and conducted this review under the guidelines of the Meta-analyses Of Observational Studies in Epidemiology (MOOSE) 29 .
Search strategy
We systematically searched the electronic databases of PubMed and Embase through June 2019 to identify studies examining the relationship between sedentary behaviors and the risk of depression. The following terms and their combinations were used in the search: "watching television", "screen time", "sitting", "computer use", "media use", "car driving", "sedentary time", "sedentary behaviors", and "depression". We also reviewed the references of included articles to identify any eligible studies omitted by previous database searches.
Inclusion criteria
Studies meeting the following criteria were included in this meta-analysis: (1) the study design was prospective;
(2) the exposure was sedentary behaviors, including watching television, using a computer, reading, driving, and so on; (3) the outcome was depression; (4) the study population was average adults; (5) the study reported relative risk (RR) or hazard ratio (HR), with their 95% confidence intervals (CIs) available or accountable.
Data extraction
For all included studies, we extracted information on the year of publication, name of the first author, country, follow-up year, follow-up rate, number of participants, average age of participants at baseline, depression diagnosis measure, cohort name, specified sedentary behaviors, RR with their 95% CIs, and adjusted variables. All the extracted RRs were adjusted for most covariates.
Quality assessment
The quality of included studies were assessed by the nine-point Newcastle-Ottawa scale (NOS) 30 , which is a common tool in meta-analysis for observational studies. The scale awards prospective research a maximum of nine points (four for selection quality, two for comparability, and three for outcome of interests). A total score of 0-3 was considered as low quality, 4-6 was considered as moderate quality, and 7-9 was assigned to high quality.
Statistical analyses
We primarily used the full-adjusted RRs to pool results, except for one study with crude RR 31 . For studies where sedentary time was divided into several levels, RRs were recalculated by pooling values of upper groups, whereas the lowest level of sedentary time was taken as reference. Only one study took the highest classification as reference group, so we used a reciprocal function to process original data 32 .
We conducted subgroup analyses and meta-regression analyses to explore potential heterogeneity across studies. Stratified analyses were performed, respectively, by covariates, specific sedentary behavior, depression diagnosis criteria, and baseline depression status (excluded or adjusted). As there was currently no clear definition for mentally passive and mentally active sedentary behaviors, we referred to one previous study that it took sedentary behaviors including watching television, chatting while sitting and sitting around as "mentally passive", whereas interpreted using a computer, reading, and car driving as "mentally active" 3 . According to the NOS degree, we specifically excluded low quality studies to examine whether the primarily pooled result was stable. Simultaneously, sensitivity analyses were performed by leavingone-out procedure to evaluate the underlying betweenstudy heterogeneity.
Statistical heterogeneity across studies was estimated by I 2 of Higgins and Thompson 33 , with values of 25%, 50%, and 75%, representing heterogeneity levels of low, moderate, and high, respectively. The DerSimonian and Laird random-effects model was used to synthesize the RRs when a relatively high heterogeneity was detected, otherwise, the fixed-effects model was used.
Potential publication bias was visually inspected through funnel plot by referencing the Begg correlation test and Egger linear regression test 34, 35 . All the statistical analyses were performed with STATA V.12.0 (StataCorp, College Station, Texas, USA), with a two-sided significance level of 0.05.
Results

Literature selection
A total of 491 relevant articles were found by searching the databases, of which 469 articles were precluded after reviewing titles and/or abstracts. Subsequently, 12 articles were excluded after full-text review for not complying with the inclusion criteria, including one that focused on the association in post-pregnant women. Another two studies were further identified from the references of qualified articles. A total of 12 literatures [25] [26] [27] [28] 31, 32, [36] [37] [38] [39] [40] [41] were finally included in this meta-analysis. The study selection procedure is presented in the flow chart in Fig. 1 .
Study characteristics
The characteristics of included studies are presented in Table 1 . Among them, two studies were conducted in the United States 25, 37 , three were in Australia 26, 38, 40 , and the other seven studies were performed in Europe, including Finland, Sweden, Denmark, Spain, and the United Kingdom 27, 28, 31, 32, 36, 39, 41 . The follow-up time ranged from 1 to 13 years, with an average of 5.97 years. All included studies had high follow-up rates of above 90%. The total number of participants was 128,553. Eight studies excluded the baseline cases of depression in their cohort design 25, 28, 31, [36] [37] [38] [39] 41 , three studies adjusted for the baseline depression status in their analyses 26, 27, 40 , and one study neither excluded nor adjusted for the baseline depression status 32 . With regard to the criteria of depression diagnosis, one study did not report any criteria 38 , four studies used the CES-D-10 (versions of the Centre for Epidemiological Studies Depression Scale) criteria 25, 27, 32, 40 , and the other seven studies used different criteria including the Finnish modified version of Beck's 3-item depression scale 36 , the Primary Care Evaluation of Mental Disorders screening form 31, 41 , the Major Depression Inventory 28 , physician diagnosis 37, 39 , and medical registers 26 . All of the studies adjusted for multiple variables, including basic demographic characteristics, smoking status, body mass index (BMI), alcohol consumption, physical activity, and so on, except for one with unadjusted results 31 . Classification of sedentary behaviors differed among studies, four of which reported total screen time [36] [37] [38] [39] , whereas the others classified sedentary behaviors as computer use 25, 27, 28, 38, 40 , watching television 25, 27, 28, 32, 37, 40 , being a passenger or driver in a car 25 , and so on. Two studies explored the effects in women only 38, 40 , three studies reported the RRs in men and women, respectively 27, 31, 41 , and the other included studies did not classify by gender 25, 26, 28, 32, 36, 37, 39 .
The average NOS score was 7.75. All the included studies, except for one with the score equal to 5 31 , were defined as high quality ( Table 2) . Figure 2 shows the multivariable-adjusted RRs of included studies, as well as the pooled result of the random-effect model. The pooled RR was 1.10 (95% CI: 1.03,1.19), which showed that sedentary behaviors were positively associated with risk of depression, with a moderate heterogeneity (P = 0.003; I 2 = 60.6%).
Association between sedentary behavior and the risk of depression
Subgroup analyses
When stratified by specific sedentary behavior, we found that watching television was positively associated with the risk of depression (RR = 1.18, 95% CI 1.07-1.30), whereas using a computer was statistically non-significant Representative of the (RR = 0.99, 95% CI 0.79-1.23). Mentally passive sedentary behaviors could increase the risk of depression (RR = 1.17, 95% CI 1.08-1.27), whereas the effect of mentally active sedentary behaviors were non-significant (RR = 0.98, 95% CI 0.83-1.15). We observed non-significant pooled effects after stratification by gender, which was consistent with original studies 27, 31, 38, 40, 41 . Sedentary behaviors were positively related to depression defined by clinical diagnosis (RR = 1.08, 95% CI 1.03, 1.14), whereas the association was statistically non-significant when depression was evaluated by the CES-D (RR = 1.12, 95% CI 0.94,1.34), Prime-MD screening (RR = 1.08, 95% CI 1.01-1.17) and other criteria such as the Major Depression Inventory and medical registers. The pooled result of studies that excluded baseline depression in their cohort or analyses suggested a significantly positive association between sedentary behavior and risk of depression, whereas the summarized effect of studies that adjusted for baseline depression in their analyses showed a nonsignificant negative relation with the risk of depression. Results having adjusted for smoking, as well as, not adjusting for BMI and physical activity showed a positive association on this issue, as shown in Table 3 . All the meta-regression analyses showed non-significant interaction effects, which weakened our explanation for the possible source of assumed heterogeneity. Whether adjusted for covariates or not, values of I 2 fluctuated substantially. Compared with the pooled result of unadjusted studies', I 2 changed from 23.1% to 73% when we pooled the results of studies which adjusted for BMI. (Table 3) .
Sensitivity analyses
Sensitivity analysis was performed by omitting one study in turn, with the pooled RRs fluctuating between 1.08 (95% CI 1.01, 1.16) and 1.12 (95% CI 1.04, 1.21), which supported the stability of our results. In addition, the RR was 1.10 (95% CI 1.02, 1.19) after removing the low-quality study 31 , which further supported that sedentary behavior was related to depression.
Publication bias
Evidence of publication bias was visually inspected through the funnel plot ( Fig. 3) and neither the Egger's test nor the Begg's test indicated statistically significant potential for publication bias in either case (Egger, P = 0.939; Begg, P = 1.000).
Discussion
In this meta-analysis based on 12 prospective cohort studies, we found that sedentary behaviors, especially mentally passive behaviors, were positively associated with the risk of depression. Each additional increment of time spent on passively sedentarily watching television could increase the risk of depression, but the estimated effects differed by covariates adjustment. The pooled results stratified by gender were non-insignificant. Subgroup analyses suggested that sedentary behavior was positively related to depression defined by physician diagnosis, whereas the pooled effects were statistically non-significant when depression was diagnosed by other criteria.
There are mechanisms explaining the association between sedentary behaviors and risk of depression. First, sedentary behaviors like using a computer can hinder direct communication between individuals, causing a reduction in social interaction and increasing the potential for depression 42 . Second, sedentary behaviors also cut back on time spent in physical exercise, which is an effective prevention and treatment for depression [43] [44] [45] .
Many observational studies have focused on the association between sedentary behaviors and the risk of depression, whereas evidence from experimental studies is still limited. Experimental studies investigating the biological mechanisms of this association are still needed to provide more powerful explanations. Interestingly, we found that mentally active sedentary behaviors, as well as using a computer, were unrelated to the risk of depression (P > 0.05). As mentioned above, using a computer is one kind of mentally positive sedentary behaviors, which could be beneficial to mental health 3 . A previous prospective cohort study showed that there were protective effect of mentally active sedentary behaviors on the incidence of depression 26 . However, original studies that took computer use as the exposure were more likely to find null or negative relationship between sedentary behaviors and the risk of depression 46 . What's more, a previous meta-analysis suggested that computer use could increase the risk of depression 23 . As the findings are contradictory, future studies focusing on the relationship between using a computer or mentally active sedentary behaviors and risk of depression with its underlying mechanisms should be encouraged. Also, as we found that mentally passive sedentary behaviors, such as watching television, could be detrimental to mental health and may increase the risk of depression, the distinct association between mentally passive and mentally active sedentary behaviors with their effects on depression should also be brought into attention.
Subgroup analysis also showed that sedentary behavior was detrimental for the risk of depression when unadjusted for physical activity. Studies focusing on the combined effect of physical activity and sedentary behaviors on depression have reported inconsistent conclusions. Two observational studies found that people with more time spent in physical activity and less time spent in sedentary behaviors were more likely to develop depression 47, 48 . Also, the substitution of sedentary behaviors with physical activity was found to be protective for depression 4 . However, a randomized controlled trial did not observe the joint effect of sedentary behaviors and exercise on depression 49 . As sedentary behavior and physical activity are both common human activities and generally exist in our daily life, future studies are needed to determine whether or which combinations of the two behaviors could protect against depression.
Most of the subgroup effects were statistically nonsignificant, which might be attributed to methodological discrepancies between studies. For all included studies, the shortest follow-up time was 1 year, which might not be long enough for the occurrence of depression. The difference of sample sizes might influence the statistical power of original studies. In addition, the elderly and new adults differed in the prevalence of depression, which contributed to the heterogeneity between studies, and thus influenced the results in our subgroup analyses. The number of original studies classified by gender was limited, which might be the cause of non-significant results in stratification analyses by sex. As mentioned before, diagnoses criteria of depression seemed to influence the results, which suggested that different criteria might affect the sensitivity and specificity of depression diagnoses. Prospective cohort studies starting from exposures and observing the occurrence of outcome provided stronger evidence for a cause-effect association than other observational studies 50 . Among included studies in this metaanalysis, those with depression cases pre-excluded have stronger statistical power than those with baseline depression adjusted in their statistical models. Considering the weakening effects caused by adjustment of baseline depression in statistical analyses of original studies and the limitation in the number of studies, it is not surprising that the pooled effect in this subgroup was non-significant. Statistical heterogeneity might be related to the differences in adjustment factors. Non-adjustment for drinking and physical activity contributed to the positive association between sedentary behaviors and depression, as alcohol and lacking physical activity are both independent risk factors for depression 45, 51 .
The observed heterogeneity was mostly significant in subgroup analyses. I 2 fluctuated especially in groups of stratification by gender, ways of diagnosing depression, whether baseline depression cases were excluded in the analyses and whether BMI was adjusted for. But all the meta-regression analyses showed non-significant interaction effects, which weakened the possibility of heterogeneity caused by these three factors. After excluding one low-quality study 31 , the I 2 of pooled value did not change materially, thus eliminating the possibility that study quality influences between-study heterogeneity. Future studies considering the disturbing factors above are needed to determine the underlying heterogeneity.
Not only is sedentary behavior a risk factor for depression, studies have also suggested that depression may have an effect on sedentary status. Studies focused on sedentary status among depression patients have presented that adults with depression engaged in low levels of physical activity and high levels of sedentary behaviors 52, 53 . In addition, for adolescents, evidence also suggested that sedentary behaviors increase the risk of depression 24, 54 . As sedentary behaviors and depression have interaction in different age groups, slightly restricting sedentary behaviors may produce great benefits for human health.
Strengths of this meta-analysis should be mentioned. First, the studies included in our analyses were all prospective, which can provide strong reliability of results. Second, except for one low-quality study that did not report adjusted RR, all the original studies were of high quality and reported multivariate adjusted RRs. Third, our study was based on adults and had a large number of participants, with which we can provide powerful statistical evidence for the estimated effects. Fourth, this is the first meta-analysis that classifies sedentary behaviors into mentally active and mentally passive, and discusses their effects on depression respectively.
Limitations should also be acknowledged. First, owing to limited information on original studies, we did not conduct dose-response analyses and were unable to explore the relationship between other forms of sedentary behaviors (like online chatting and car driving) and risk of depression. Second, we did not find out credible evidence for sources of heterogeneity, which were needed to be supported by further research. Third, this meta-analysis did not deal with possible existing bias caused by differences in methodology between studies. Fourth, we simply took computer use as mentally active sedentary behavior, whereas it could also be mentally passive when a computer was used for watching television, film, etc. As there was no clear definition for the two kinds of sedentary behaviors, future studies could pay attention to developing questionnaires that accurately measure these diverse behaviors and building up a classification system.
In conclusion, our analyses suggest there is a positive association between mentally passive sedentary behavior and risk of depression, and the increment of time spent on sedentarily watching television could increase the risk of depression. Given the increasing prevalence of depression and widespread sedentary behaviors in modern society, the results of our study are of importance for clinical and public health. Restrictions on mentally passive sedentary behaviors should be recommended to prevent depression. As depression is just one kind of mental disorder, future researches focusing on the impact of interruptions in sedentary behaviors on other aspects of mental health also should be brought into attention.
